Interactions between insulin and alpha 1-adrenergic agents in the regulation of glycogen metabolism in isolated hepatocytes.
Addition of insulin to liver cells from fed rats incubated in the absence of other hormones resulted in a 2-fold increase in glycogen synthase activity. This direct effect of insulin has been characterized and compared with the antagonism by insulin of alpha 1-adrenergic effects on glycogen metabolism. The activation of glycogen synthase by insulin developed slowly (20-25 min) and was most effective when the enzyme was partially preactivated by glucose. With glucose concentrations above 15 mM the effects of insulin and glucose were additive. In contrast to glucose, which caused inverse changes in phosphorylase and glycogen synthase activity, insulin activated glycogen synthase without affecting phosphorylase a. Treatment of hepatocytes with phenylephrine led to an activation of phosphorylase and inactivation of glycogen synthase, which could be partially blocked by insulin. This antagonistic effect of insulin was rapid (complete within 5 min of insulin addition) and showed an identical time course for both enzymes. The activation of glycogen synthase by insulin and inactivation by phenylephrine both resulted principally from alterations in the Vmax. Insulin added alone did not alter the basal cytosolic free Ca2+ concentration, which was 160 nM as measured with Quin 2 as an intracellular Ca2+ indicator. Both the magnitude and the initial rate of cytosolic free Ca2+ increase induced by phenylephrine were reduced by about 50% in cells pretreated with insulin. It is concluded that the direct activation of glycogen synthase by insulin is mediated by a glycogen synthase-specific kinase or phosphatase, whereas insulin antagonizes the effects of alpha 1-agonists by interfering with their ability to elevate cytosolic free Ca2+.